Additional index words. Pisum sativum, edible-pod, multivariate analysis, quality Abstract. We evaluated 33 edible-pod pea (Pisum sativum L.) lines selected from single plants within 11 snow pea landraces and three elite cultivars for their horticultural value in three fi eld trials at Pontevedra and Lugo (northwestern Spain). Field performance was estimated according to six traits related to earliness and duration, while horticultural value was determined by fi ve pod traits. The global pod quality was estimated by a taste panel. Lines showed signifi cant differences in nine quantitative traits. Signifi cant differences were found among means of fi ve landraces and the lines selected within them for pod length, width and weight. Cluster and principal component analysis identifi ed a main group of 16 lines derived mainly from landraces PSM-0112 and PSM-0227 that had desirable earliness and pod quality. Some of the lines, such as MB-0298, MB-0324, MB-0325, MB-0326, MB-0332, and MB-0334 are appropriate for vegetable production as edible pod snow pea varieties and for use in breeding programs. Moreover, the lines MB-0298, MB-0321, MB-0322, and MB-0324 showed stable earliness and MB-0330 and MB-0332 stable pod quality across the three environments evaluated.
Edible-pod peas (Pisum sativum L.) are grown for their tender fresh pods that lack the parchment layer inside the pod (Sneddon, 1970) . This type of pea must meet several pod quality require ments including pod size, fresh weight and shape, texture and the absence of the parchment layer. The two types of edible podded pea are snow peas, which have thin walls, and snap peas with thick pod walls. The combination of two or three genes contribute to making the pod suitable for consumption in the fresh stage: the gene p (that mostly eliminates the schlerenchymatous membrane of inner pod wall), the gene v (that reduces pod wall parchment) and the gene n (responsible for thick and fl eshy pod walls) (McGee and Baggett, 1992, Myers et al., 2001) .
In Spain, only a few improved cultivars of edible-pod peas (snow pea type) are currently grown commer cially. Nevertheless, in Northwestern Spain and North of Portugal, snow pea is a traditional vegetable often grown in small gardens and present in fresh markets. Snow pea could be a winter and spring alternative crop as complement to other popular vegetables such as snap bean, as it can be produced in open fi elds during cool growing seasons. The improvement of pod quality and agronomic performance are the major breeding objectives in snow pea.
Most pea varieties grown in these Spanish and Portuguese regions are mixtures of pure lines and can be con sidered as unimproved landraces (Santalla et al., 2001) . Farmers used to save some seeds from the harvest for planting the next year. These traditional landraces or heirloom cultivars are an important genetic resource for plant breeders because of their considerable genotypic vari ation and their adaptation to environmental conditions after many years of cultivation (Amurrio et al., 1993 , Myers et al., 2001 . Environmental effects and genotype by environment interactions could affect the stability of quantitative traits that are important for genetic improvement (Lin et al., 1986) . The comparison of different lines or varieties in different environments results in a range of scores which could cause diffi culty in identifying the superiority of any variety. Therefore, the performance of such lines or varieties should be verifi ed under various environmental conditions.
The objectives of this research were to report selection of lines within snow pea landraces and to evaluate these edible-podded lines for horticultural traits focused to their use in vegetable production in different areas and to assess their potential role in future pea breeding programs.
Material and Methods
The Misión Biológica de Galicia (MBG) of the Spanish Coun cil for Scien tifi c Research (CSIC) in Pontevedra (Spain) has a germplasm collection of pea that includes 237 accessions for human consumption (fresh seed and fresh pod), animal feed (dry seed), and mixtures of types (Santalla et al., 2001) . From this collection, 11 accessions (PSM code) from Spain and Portugal were identifi ed as edible podded snow pea landraces (Amurrio et al., 1993 (Amurrio et al., , 1996 and were the basis for the present research. Thirtythree lines (MB code) were derived from those eleven landraces in 1995 and 1998. Each line was derived by single plant selection within the respective landrace.
These lines and three elite cultivars ('Capuchino', 'Carouby', and 'Tirabeque') were evaluated in three winter fi eld trials in different environments: Pontevedra in 1998-99 and 2000-01 (Spain, lat. 42°26'N, long. 8°38'W, 20 masl, average temperature 18.6 °C, annual rainfall 1600 mm) and Lugo in 1998-99 (Spain, lat. 43°00'N, long. 7°33'W, 450 masl, average temperature 11.6 °C, annual rainfall 800 mm). The experimental design was a randomized complete block with two replications and 16 plants/plot (spaced 0.25 × 0.25 m) in the 1998-99 trials and 45 plants/plot (spaced 0.80 × 0.10 m) in the trial of 2000-01. The trials represented a plant density of 160,000 plants/ha and 125,000 plants/ha, respectively; a difference that probably does not signifi cantly infl uence productivity and agronomic performance because of plant compensation for population differences (Meadley and Milbourn, 1970) .
Eleven quantitative traits were measured or calculated on an average plot basis. During the development of the crop, days to fi rst fl ower, days to fl owering (50% of plants have at least one open fl ower), and duration of fl owering (days to 50% fl owering until 50% of plants have fl ower abscission) were measured. At the fresh pod consumption stage (when pods attain the maximum size at the beginning of seed development) the following traits: days to fi rst pod, days to maturity of fresh pods on 50% of the plants, days to end of pod production in 50% of the plants, pod length (mm), pod width from suture to suture (mm), pod weight (g), pod soluble solids content measured by a hand refractometer (%) and pod texture measured with a tenderometer (72 kg·cm -2 ) were determined. Global pod quality at the consumption stage was assessed by a trained panel of tasters as described by De Ron et al. (2000) on the basis of four subjective traits (texture, hardness, fi brousness and taste; using a 1 to 5 scale for each trait) that sum for the global quality or GQ (scored from 4 = poor to 20 = excellent).
Analysis of variance was performed using the SAS statistical package (SAS Institute, 2000) and environments were considered as a random factor and lines as a fi xed factor. Mean comparisons were performed by Student's t test according to Steel et al. (1997) . Cluster analysis by the UPGMA procedure and principal component analysis were made using the NTSYS-pc package (Rohlf, 2000) .
Results and Discussion
Pea landraces from different areas of Spain and Portugal often have intra-landrace variation both in phenotype and isozyme profi le (Varela et al., 1997) . Several breeding lines were selected within heterogeneous landraces that exhibited a good horticultural performance in previous studies (Amurrio et al., 1996) . suggests that both characters are probably not reliable indicators of variation in pod quality for fresh consumption in the studied pea germplasm. Signifi cant differences among environments were found for all traits except for pod width, soluble solids and pod texture and line by environment interaction was signifi cant for all traits except for fresh pod maturity, pod width and pod texture. Therefore, most of traits exhibited stability across the three environments. Signifi cant environmental effects and interactions in traits including earliness and pod quality could be due to wide differences between the environmental conditions of Pontevedra (1999 and 2001 trials) and Lugo (1999 trial) . Temperature and rainfall during the cool season was lower in Lugo than in Pontevedra. Amurrio et al. (1993) Snoad and Arthur (1974) . The displayed environmental effects and interactions between genotype and environment highlight the different response of the pea lines to the environmental conditions. This means that the best genotype for one environment is not the best for another (Falconer and McKay, 1996) . With regard to pod length, cultivars such as 'Capuchino' (137.5 mm) and 'Carouby' (122.5 mm), and line MB-0333 (120.5 mm) showed the best values in Lugo 1998-99, and concerning to days to fi rst fl ower, 'Capuchino' (75.0 d), MB-0171 (77.5 d) and MB-0280 (77.5 d) were the earliest lines. A limited plasticity of some lines is derived from this research. Four of them, namely MB-0298, MB-0321, MB-0322, and MB-0334 expressed consistent earliness while MB-0324, MB-0329, and MB-0330 expressed stable pod attributes across the three environments.
Three pod traits were used to indicate quality for fresh pod production: length, width and fi ve pod weight. Table 2 shows the difference in these traits between the landraces and the lines derived from them. The lines that showed signifi cant differences with the landraces were derived from PSM-0022 (2 lines), PSM-0066 (4 lines), PSM-0102 (2 lines), PSM-0112 (11 lines), PSM-0191 (2 lines) and PSM-0227 (3 lines). Lines derived from landraces PSM-0070, PSM-0110, PSM-0111, PSM-0118, and PSM-0125 exhibited no signifi cant mean differences with the landraces. Pod length and weight showed higher differences between lines and landraces than pod width. The lines derived from landraces PSM-0102 and PSM-0227 displayed the highest differences in pod length and weight that indicates the value of these two snow pea landraces for genetic improvement. Landraces PSM-0070 and PSM-0118 exhibited good values for pod traits which indicates their breeding value. Nevertheless, for vegetable production the use of homogeneous snow pea lines should be more convenient than landraces due to the variation within the latter (Varela et al., 1997) .
Global quality and the means for nine signifi cant quantitative traits measured on the 33 lines and three cultivars are shown in Table 3 . Six characters (fi rst fl ower, beginning of fl owering, duration of fl owering, fi rst fresh pod, maturity for fresh pod and end of fresh pod production) were measured to provide a detailed information about traits related to the earliness and duration of pod production of the lines. Pod quality was based on four characters: length, width, weight and global quality. The fi ve lines MB-0292, MB-0321, MB-0322, MB-0326, and MB-0334 showed the best values for earliness and they were similar to 'Capuchino'. The best ranked lines for pod quality were MB-0324, MB-0325, Table 3 . Means of quantitative traits and global quality evaluated for edible-pod pea lines and elite cultivars in three environments. and MB-0332. These lines surpassed the values of 'Carouby', the best commercial cultivar. These eight lines could be good parents for use in breeding programs. MB-0298, MB-0322, and MB-0334 lines displayed suffi cient earliness (96.8, 93.3, and 94 .7 d to beginning of fl owering, respectively), long pods (109.5, 104.7, and 104.0 mm respectively) and high global quality (13.9, 13.1, and 13.3 respectively), and they could be candidates for commercial use in Northern Spain and Portugal.
The structure of phenotypic variation found in the lines is shown by a dendrogram arising from UPGMA cluster analysis and the principal component plot. The cluster analysis (Fig. 1) classifi ed the lines and elite cultivars into nine groups (C1 to C9) that differ in some relevant traits that are refl ected in the fi rst (earliness and cycle related traits) and second (pod length and width, and fi ve pod weight) principal components. The fi t between the cophenetic value matrix and the dendrogram matrix was good according to the cophenetic correlation coeffi cient (0.886). Plotting the clusters of lines against the fi rst and second principal components (accounting for 68.2% and 19.2% of variation respectively) orders the lines according to earliness and pod quality traits (Fig. 2) .
Selection of pea in small farms and gardens over a long period of time has contributed to development of landraces or heirloom varieties adapted to specifi c environments. Pea landraces are sometimes grown as unimproved populations or mixtures in many small farms in the north of Spain and Portugal and they may have multiple uses (Santalla et al., 2001) . Mixed pea landraces from the MBG-CSIC germplasm collection, described by Amurrio et al. (1993) , provide an opportunity for breeding for different purposes such as fresh and dry seed and fresh edible pod. This permitted an intrapopulation selection program and selection of different lines that, in this analysis plotted distinctly such as MB-0167 and MB-0164 (from landrace PSM-0102), MB-0319, and MB-0320 (from landrace PSM-0022), and MB-0121 and MB-0280 (from PSM-0125). However, selection in other landraces resulted in lines that clustered close together such as those derived from PSM-0112 (most belong to group C1), PSM-0227, PSM-0191, PSM-0066, and PSM-0118. These landraces must be considered more homogeneous as indicated by intravarietal phenotypic variation. With regard to the clusters, 16 lines from three landraces and with 'Capuchino' and 'Carouby', are included in C1. Of these lines, MB-0298, MB-0333, and MB-0334 (originated from the landrace PSM-0227) had desirable scores for earliness, pod traits, and global quality. Group C6 also showed a trend towards grouping lines from the same origin (MB-0113, MB-0114, MB-0115, and MB-0116 from PSM-0066; MB-0119, and MB-0120 from PSM-0118) with a medium pod quality and long pod fi ll duration. The remainder of the lines were clustered in small groups as outliers of the main clusters and possessed no signifi cant breeding value. MB-0329 (C2), an exception, presented intermediate earliness and very good pod value.
Adaptation to different environments of snow pea lines displaying acceptable agronomic value and high pod quality as well as a limited plasticity of some lines is derived from this study. This work suggests that phenotypic selection for agronomic and horticultural performance within pea landraces, has resulted in a group of very good snow pea lines. Some of the lines evaluated are useful for vegetable commercial production in different areas or as parents for further breeding for agronomic performance and pod quality.
